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(57)Abstract: 

PURPOSE: To suppress crosstalk between signal lights 
and to make a wavelength interval narrow by selecting a 
wavelength interval between output lights of an optical 
transmitter to be smaller than a minimum wavelength 
interval obtained by an optical branching means and 
making polarized directions of output lights of adjacent 
wavelengths nearly orthogonal to each other. 
CONSTITUTION: Two signal lights U set at a 
smaller wavelength interval than a minimum permissible 
wavelength interval AAO decided by an optical branch 
means 5 are nearly subject to orthogonal control by 
polarized light control means 2-i, 2-(i+1) and the 
resulting signals are sent. When the one signal light XI in 
both signals is received by an optical receiver 7H f since 
the wavelength interval (AAi+1 , i) of both signal lights is 
smaller than the minimum permissible wavelength 
interval AA.0 of the means 5, part of the signal light Ai+1 
is inputted to a polarized light separate means 6-i from 
the means 5 together with a receiver side signal light Ai. 
Since the signal lights Ai, Ai+1 nearly have an orthogonal relation and only the component light in 
parallel with the signal light Ai received by the means 6-i is extracted separately, the signal light 
Ai+1 is eliminated. Thus, only the signal light Ai reaches an optical receiver 7-i to suppress 
crosstalk. 
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* NOTICES * 

JPO and NCiP! are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] At least two or more optical transmitters which transmit a signal using the subcarrier 
from which wavelength differs mutually, At least two or more polarization control means which 
control and output the polarization direction of each output light of the above-mentioned optical 
transmitter, An optical multiplexing means to multiplex the output light of the above-mentioned 
polarization control means, and the optical transmission line which transmits the output light of 
the above-mentioned optical multiplexing means, An optical spectral separation means to 
separate spectrally the signal light transmitted by the above-mentioned transmission line in a 
wavelength field, In the light wave length multiplex transmission system equipped with at least 
one or more polarization separation means to output only the polarization component of the one 
direction of the spectral separation output light of the above-mentioned light spectral separation 
means, and at least one or more optical receivers which receive the output light of the above- 
mentioned polarization separation means In said optical transmitter, at least wavelength spacing 
between two optical transmitters of a lot It sets up smaller than the minimum permission 
wavelength spacing required to obtain an oppression ratio required to disregard the effect of 
crosstalk in case a lightwave signal is received in said optical spectral separation means. And the 
light wave length multiplex transmission system characterized by carrying out the abbreviation 
rectangular cross of the polarization direction of the output light of two optical transmitters of 
those groups by said polarization control means. 

[Claim 2] The light wave length multiplex transmission system according to claim 1 characterized 
by having a negative feedback means to control said polarization separation means to make 
power of the output light of said polarization separation means into max. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the light wave length multiplex transmission 
system which multiplexes and transmits the lightwave signal of two or more wavelength. 
[0002] 

[Description of the Prior Art] Drawing 9 is the block diagram of general light wave length 
multiplex transmission. It is multiplexed by optical multiplexing means (3), such as an optical 
coupler, and the lightwave signal (lambdal, Iambda2, Iambda3, — ) which was outputted from the 
optical transmitter (1-1, 1-2, 1-3, — ) and with which luminescence wavelength differs, 
respectively forms light wave length multiple-signal light. After light wave length multiple-signal 
light transmits an optical transmission line (4), it is separated spectrally for every wavelength by 
the optical spectral separation means (5) in a wavelength field, and it is inputted into an optical 
receiver (7-1, 7-2, 7-3, — ). 

[0003] In such a light wave length multiplex transmission system, in case a certain signal light is 
received, it is necessary to remove all other signal light of the signal light which received with 
the optical spectral separation means (5) in a wavelength field, however, when wavelength 
spacing of the signal light of the signal to receive and the wavelength which adjoins the signal 
light which receives is too small With an optical spectral separation means (5), since signal light 
of the adjoining wavelength cannot be removed, a part of power of the signal light of the 
wavelength which adjoins input-signal light is inputted into an optical receiver (7-1, 7-2, 7-3, — ), 
and it causes crosstalk between signals in input-signal light and coincidence. 
[0004] In order to prevent crosstalk between such signals, generally, with the wavelength 
multiplex transmission system, wavelength spacing between the signal light which each optical 
transmitter outputs was fully extended, and although the effect of crosstalk can be disregarded 
in case signal light is received, sufficient oppression ratio has been obtained in the optical 
spectral separation means. About such technique, about the case where the filter of a Fabry 
Perot resonator mold is used for an optical spectral separation means, for example IEEE besides 
an alder bullet the 8th volume of journal-on SEREKUTEDDO Air RIASU Inn Communications, No. 
6, the 1095 - 1107th page, 1990 () [ P.A.Humblet ] It argues in detail et al. a IEEE Journal on 
Selected Areas in Commuincations, Vol.8, No.6, pp.1 095-1 107, and 1990. 
[0005] 

[Problem(s) to be Solved by the Invention] However, when it was not able to narrow, but 
multiplex [ of the signal light ] was carried out to high density and transmission capacity was 
large-capacity-ized rather than the minimum permission wavelength spacing required to obtain 
oppression ratio sufficient by the above-mentioned conventional approach to disregard the 
effect of crosstalk in case signal light is received for wavelength spacing between signal light in 
said optical spectral separation means, there was a fault acting as a failure. 
[0006] The purpose of this invention is to offer the light wave length multiplex transmission 
system which said trouble is solved, and the effect of the crosstalk in a receiver is controlled, 
and can make wavelength spacing small. 
[0007] 
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[Means for Solving the Problem] Drawing 1 is the basic block diagram of invention of the 1st of 
this application. The configuration which invention of the 1st of this application offers in order to 
attain the above-mentioned purpose At least two or more optical transmitters which transmit a 
signal using the subcarrier from which wavelength (lambdai, Iambda2, Iambda3, — ) differs 
mutually (1-1, 1-2, 1-3, — ), At least two or more polarization control means which control and 
output the polarization direction of each output light of the optical transmitter (2-1 , 2-2, 2-3, — 
), The optical transmission line which transmits the output light of an optical multiplexing means 
(3) to multiplex the output light of the polarization control means, and its optical multiplexing 
means (4), An optical spectral separation means to separate spectrally the lightwave signal 
transmitted by the transmission line in a wavelength field (5), At least one or more polarization 
separation means to output only the polarization component of the one direction of the spectral 
separation output light of the optical spectral separation means (6-1, 6-2, 6-3, — ) f In the light 
wave length multiplex transmission system equipped with the optical receiver (7-1, 7-2, 7-3, — ) 
which receives the output light of the polarization separation means In said optical transmitter, 
at least wavelength spacing (deltalambdai+1 and i=lambda i+Hambdai) between the output light 
(lambdai, lambdai+1) of two optical transmitters of a lot It sets up smaller than the minimum 
permission wavelength spacing (deltalambdaO) required to obtain an oppression ratio required to 
disregard the effect of crosstalk in case a lightwave signal is received in said optical spectral 
separation means (deltalambdai+1, Kdelta lambda 0). And it is characterized by carrying out the 
abbreviation rectangular cross of the polarization direction of the output light (lambdai, 
lambdai+1 ) of two optical transmitters of those groups by said polarization control means (2-i 
and2-(i+1)). 

[0008] Moreover, drawing 3 is the basic block diagram of invention of the 2nd of this application. 
The configuration which invention of the 2nd of this application offers in order to attain the 
above-mentioned purpose is characterized by to have the negative feedback means (8-1, 8-2, 
8-3, — ) which controls the polarization separation means to make power of the output light of 
said polarization separation means (6-1, 6-2, 6-3, — ) into max in addition to the configuration 
which invention of the 1 st of said this application offers. 
[0009] 

[Function] Drawing 2 is the principle Fig. of invention of the 1 st of this application. According to 
invention of the 1st of this application, to the minimum permission wavelength spacing 
(deltalambdaO) which an optical spectral separation means (5) defines, two signal light (lambdai, 
lambdai+1) set up at intervals of small wavelength (deltalambdai+1, i) is transmitted, after 
polarization control is carried out so that the polarization direction may carry out an abbreviation 
rectangular cross by the polarization control means (2-i and 2- (i+D). The case where an optical 
receiver (7-i) receives one signal light (lambdai) among these two signal light (lambdai, lambdai+1) 
is considered here, for example. Since wavelength spacing (deltalambdai+1, i) of two signal light is 
smaller than the minimum permission wavelength spacing (deltalambdaO) of an optical spectral 
separation means (5), a part of another signal light (lambdai+1) is inputted into a polarization 
separation means (6H) from an optical spectral separation means (5) with the signal light 
(lambdai) of the direction which receives. However, since the polarization direction of these two 
signal light (lambdai, lambdai+1) is in abbreviation orthogonality relation, another signal light 
(lambdai+1) is removed by separating and taking out only the light of a component parallel to the 
signal light (lambdai) of the direction which receives with a polarization separation means (6-i). 
Therefore, only the signal light (lambdai) of the direction which receives reaches an optical 
receiver (7-i), and becomes receivable without the effect of crosstalk. 

[0010] Moreover, if the case where an optical receiver (7-i) receives signal light (lambdai), for 
example following on an operation of invention of the 1st of above-mentioned this application is 
considered according to invention of the 2nd of this application Since light other than signal light 
(lambdai) is decreasing the signal light inputted into a polarization separation means (6-i) with 
the optical spectral separation means (5) By controlling to make output light of a polarization 
separation means (6-i) into max, only a component with the parallel polarization direction is 
automatically divided into signal light (lambdai), and an operation of invention of the 1st of 
above-mentioned this application is brought about. 
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[0011] 

[Example] The example of invention of the 1st of this application is explained using drawing 1 . 
an optical transmitter (1-1, 1-2, 1-3, — ) — for example, it is constituted by the laser diode by 
which direct modulation was carried out or a laser diode, the external modulator, etc., and the 
signal light (lambdal, Iambda2, Iambda3, — ) modulated independently, respectively is outputted. 
The subscript of the wavelength of signal light shall be assigned from a short wavelength side 
here (Iambda1<lambda2<lambda3< — ). each signal light should pass a polarization adjustment 
means (2-1, 2-2, 2-3, — ) — it is multiplexed with an optical multiplexing means (3), and a light 
wave length multiple signal is formed. A polarization adjustment means (2-1 , 2-2, 2-3, — ) 
consists of a quarter-wave length plate and 1/2 wavelength plate. Have the work which changes 
the light of the polarization of arbitration into the linearly polarized wave of the direction of 
arbitration, and the polarization direction of the wavelength group (lambda 1 , Iambda3 — ) of an 
odd number is [ a subscript ] parallel. It is acjjusted so that the polarization direction of the 
wavelength group (lambda 2, Iambda4 — ) of an even number may become parallel, and it is 
adjusted so that the polarization direction may intersect perpendicularly by those wavelength 
between groups. Moreover, an optical multiplexing means is constituted by polarization 
composition machines, such as a polarization beam splitter, a wavelength multiplexing coupler, or 
the star coupler. A light wave length multiple signal inputs an optical transmission line (4) (for 
example, optical fiber) into an optical spectral separation means (5) after transmission. An optical 
spectral separation means (5) is constituted by for example, a wavelength multiplexing coupler, a 
diffraction grating, or prism, for every wavelength, divides the inputted light wave length multiple 
signal separately, and outputs it. (A crosstalk component is explained later.) 
Or a configuration as shows an optical spectral separation means (5) to drawing 4 is also 
considered. The signal light (lambdal, Iambda2, Iambda3, — ) transmitted in drawing 4 is 
distributed to an optical filter (12-1, 12-2, 12-3, — ) by the star coupler (1 1). An optical filter 
(12-1, 12-2, 12-3, — ) is an optical band pass filter of a dielectric multilayers mold or Fabry- 
Perot, and has a wavelength selection-transparency property centering on a certain main 
wavelength! Or it is also possible to substitute the component which has a steep gain property 
near a certain specific wavelength. For example, as for the signal light (lambdal, Iambda2, 
Iambda3, — ) inputted into the optical filter (12-1), only signal light (lambda 1) is outputted. (A 
crosstalk component is explained later.) 

Or a configuration as shows a spectral separation means (5) to drawing 5 is also considered. The 
signal light (lambdal, Iambda2, Iambda3, — ) transmitted in drawing 5 is distributed to a main 
wavelength adjustable optical filter (13-1, 13-2, 13-3, — ) by the star coupler (11). For example, 
when the signal light (lambdal, Iambda2, Iambda3, — ) inputted into the main wavelength 
adjustable optical filter (13-1) carries out adjustable [ of the main wavelength ], only the signal 
light of arbitration is outputted. (A crosstalk component is explained later.) 

The signal light (lambdal, Iambda2, Iambda3, — ) separately outputted for every wavelength from 
this optical spectral separation means (5) is inputted into a polarization separation means (6-1, 
6-2, 6-3, — ), respectively. Each polarization separation means consists of for example, a 
quarter-wave length plate, 1/2 wavelength plate, and a polarization beam splitter, and has the 
work which makes only one polarization component of the arbitration of the cross polarization 
light of arbitration penetrate. The output light of each polarization separation means is inputted 
into an optical receiver (7-1, 7-2, 7-3, — ) (for example, photodiode), and is received. 
[0012] The signal light to overhear was not taken into consideration in the explanation so far. In 
consideration of the crosstalk at the time of spectral separation, it explains from this. When an 
optical spectral separation means (5) performs spectral separation, the magnitude of attenuation 
in the relative wavelength (deltalambdaO) from the main wavelength of the light separated 
spectrally is set to FdB. If the oppression ratio of the crosstalk permitted on the occasion of 
reception is set to FdB, the minimum permission wavelength spacing in this optical spectral 
separation means (5) will be set to (deltalambdaO). Moreover, fdB, then 0<f<F are filled in the 
magnitude of attenuation in relative wavelength spacing (deltalambdaO/2). Furthermore, since the 
magnitude of attenuation of a polarization separation means generally fulfills the conditions of a 
permission crosstalk oppression ratio when the magnitude of attenuation in case each 
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polarization separation means (6-1, 6-2, 6-3, — ) separates one polarization component of direct 
polarization light is set to PdB, it becomes F<P. 

[0013] Here, it transmits by setting signal light (lambdal, Iambda2, Iambda3, — ) as wavelength 
spacing, such as (deltalambdaO / 2). For example, in case an optical receiver (7-3) receives 
signal light (lambda 3), a polarization separation means (6-3) is set up so that only a component 
parallel to (lambda 3) may be taken out. this time — signal light (lambdal, Iambda2, Iambda4, and 
lambdaS) — signal light (lambda 3) — receiving — respectively (deltalambdaO) — 
(deltalambdaO / 2) — since it has wavelength spacing, and (deltalambdaO/2) (deltalambdaO) 
inputs into a polarization separation means (6-3), after decreasing only FdBfdB, and fdB and FdB 
with an optical spectral separation means (5), respectively, further — the polarization direction 
of signal light (lambdal, Iambda2, Iambda4, and Iambda5) — the polarization direction of signal 
light (lambda 3) — receiving — respectively — parallel and a perpendicular — since it is 
perpendicular and parallel, only OdB, PdB, PdB, and OdB are decreased with a polarization 
separation means (6-3), respectively. Therefore, in the input of an optical receiver (7-3), signal 
light (lambda 3) obtains the oppression ratio of FdB, f^PdB, f*-PdB, and FdB to signal light 
(lambdal, Iambda2, Iambda4, and Iambda5), respectively. Moreover, since the amount of 
oppression of the other signal light is more than FdB at least, it satisfies more than the amount 
FdB of crosstalk oppression permitted, and serves as ability ready for receiving in signal light 
(lambda 3). 

[0014] The wavelength arrangement in the above-mentioned example is set up in the following 
procedures. In the minimum case, since the amount [ in / in a subscript / the between groups 
one of odd wavelength groups (lambda 1, Iambda3 — ) or even wavelength groups (lambda 2, 
Iambda4 — ) ] of crosstalk is determined by the oppression ratio of an optical spectral separation 
means, the between-groups wavelength spacing becomes equal to the minimum permission 
wavelength spacing (deltalambdaO) of an optical spectral separation means, wavelength spacing 
(deltalambda) of the signal which adjoins on the other hand since the amount of crosstalk of a 
signal light (for example, Iambda2 and Iambda3) different between groups is determined by the 
oppression ratio in a polarization separation means — 0 — < (deltalambda) — < (deltalambdaO) - 
- it can set up freely in between. However, it is more desirable to obtain a certain amount of 
oppression with the optical spectral separation means, if control of a polarization separation 
means is taken into consideration (the direction which enlarges the optical power difference of 
the signal to receive and the signal which is not received), it is based also on the point and 
practical — etc. — considering the case of wavelength spacing, each wavelength spacing 
(deltalambda) of an adjoining signal light will be set as (deltalambdaO / 2) of the one half of 
between-groups wavelength spacing (deltalambdaO) so that wavelength spacing of a comrade 
between groups may be first set as (deltalambdaO) and then it may be arranged at intervals of 
wavelength [ light / all / signal ] in the minimum case. 

[0015] Since wavelength spacing is required also of min to perform same transmission by the 
conventional wavelength multiplex transmission system (deltalambdaO), wavelength spacing is 
reduced by half by this invention. 

[0016] Moreover, in implementation of invention of the 1st of this application, there is no need 
that an optical transmitter (1-1, 1-2, 1-3, — ) and an optical receiver (7-1, 7-2, 7-3, — ) are the 
same numbers, and the example from which those numbers differ is also considered. The 
extreme example is the case where the number of receivers as shown in drawing 6 is one. In this 
example, spectral separation is performed with a wavelength adjustable optical filter (13-1), and 
it becomes ability ready for receiving about the signal light of arbitration with one receiver (7-1) 
among all signal light (lambdal, Iambda2, Iambda3, — ). One application of this example is shown 
■n drawing 7 . This application prepares n the sending stations (51) and receiving stations (52) in 
drawing 6 , and connects them by the nxn star coupler (53). 

[0017] Moreover, one example of invention of the 2nd of this application is explained using 
drawing 3 . Among drawing, the thing of the same reference number as the 1st example 
expresses the same component, and has the same property. Moreover, drawing 8 is the 
configuration of the control circuit of the polarization separation means (6-3) in this example. 
Since the basic configuration of each polarization separation means (6-1 , 6-2, 6-3, — ) is the 
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same, the following explains in the control circuit of a polarization separation means (6-3). A 
polarization separation means (6-3) is classified into the polarization control section (9-3) which 
consists of for example, a quarter-wave length plate and 1/2 wavelength plate, and the 
polarization separation section (10-3) which consists of for example, polarization beam splitters, 
is the whole and serves to make only one polarization component of the arbitration of the cross 
polarization light of arbitration penetrate. A negative feedback means (8-3) inputs the 
information about the power of the output light from a polarization separation means (6-3) from 
an optical receiver (7-3) in the form of an average current and electrical signals, such as 
instantaneous-carrying-current amplitude value, the polarization direction is rotated by the 
polarization control section (9-3) based on the electrical signal, and a negative feedback control 
is performed so that the power of the output light from the polarization separation section (10-3) 
may serve as maximum. 

[0018] The case where an optical receiver (7-3) receives signal light (lambda 3) like one example 
of invention of the 1 st of above-mentioned this application is considered here. As for signal light 
(lambda 1, Iambda2, Iambda4, and Iambda5) other than signal light (lambda 3), the light inputted 
into a polarization separation means (6-3) is decreasing only FdB, fdB, and fdB and FdB with the 
optical spectral separation means (5), respectively, this time — the polarization direction of 
signal light (lambdal, Iambda2, Iambda4, and lambdaS) — the polarization direction of signal light 
(lambda 3) — receiving — respectively — parallel and a perpendicular — since it is 
perpendicular and parallel, in the polarization direction where the input light of a polarization 
separation means (6-3) is parallel to signal light (lambda 3), optical power serves as max. Since a 
negative feedback means (8-3) controls the polarization separation section (9-3) to make 
average power of the output light of a polarization separation means (6-3) into max, only a 
component with the parallel polarization direction is automatically outputted to signal light 
(lambda 3) from the polarization separation section (10-3). At this time, only OdB, PdB, PdB, and 
OdB (lambdal, Iambda2, Iambda4, and Iambda5) of signal light are decreased by the polarization 
separation section (10-3), respectively. Therefore, in the input of an optical receiver (7-3), signal 
light (lambda 3) obtains the oppression ratio of FdB, f+PdB, f+PdB, and FdB to signal light 
(lambdal, Iambda2, Iambda4, and Iambda5), respectively. Moreover, since the amount of 
oppression of the other signal light is more than FdB at least, it satisfies the amount FdB of 
crosstalk oppression permitted, and serves as ability ready for receiving in signal light (lambda 3). 

[0019] Various deformation gestalten of a series of examples described above in operation of 
this invention are possible. For example, although the rotation phase plate was used as a means 
to control polarization, in a series of above-mentioned examples, the same effectiveness is 
acquired also with a rotation mold fiber coil or a rotation mold fiber crank, and the polarization 
control by Faraday rotator, a pressurization fiber, an electro-optics crystal, etc. may be used. 
Moreover, as a polarization composition machine or a polarization eliminator, the polarization 
eliminator by the prism using a birefringence and the polarization eliminator which fused the 
polarization maintenance fiber may be used also except a polarization beam splitter. Moreover, 
the optical direct junction transmission line which consists of an optical fiber and an optical 
amplifier as an optical transmission line may be used, and the wavelength dependency of the gain 
of an optical amplifier is large, and it is effective especially when the transmission band of a 
transmission line is restricted. 
[0020] 

[Effect of the Invention] Since it becomes possible to narrow wavelength spacing, with crosstalk 
controlled according to this invention as explained above, it is effective, also when carrying out 
multiplex [ of the signal ] to high density and carrying out light wave length multiplex 
transmission effectively [ when carrying out light wave length multiplex transmission ] using the 
narrow transmission line of a transmission band. 
[0021] 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to the light wave length multiplex transmission 
system which multiplexes and transmits the lightwave signal of two or more wavelength. 
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PRIOR ART 



[Description of the Prior Art] Drawing 9 is the block diagram of general light wave length 
multiplex transmission. It is multiplexed by optical multiplexing means (3), such as an optical 
coupler, and the lightwave signal (lambdal, Iambda2 f Iambda3, — ) which was outputted from the 
optical transmitter (1-1, 1-2, 1-3, — ) and with which luminescence wavelength differs, 
respectively forms light wave length multiple-signal light. After light wave length multiple-signal 
light transmits an optical transmission line (4), it is separated spectrally for every wavelength by 
the optical spectral separation means (5) in a wavelength field, and it is inputted into an optical 
receiver (7-1, 7-2, 7-3, — ). 

[0003] In such a light wave length multiplex transmission system, in case a certain signal light is 
received, it is necessary to remove all other signal light of the signal light which receives with 
the optical spectral separation means (5) in a wavelength field, however, when wavelength 
spacing of the signal light of the signal to receive and the wavelength which adjoins the signal 
light which receives is too small With an optical spectral separation means (5), since signal light 
of the adjoining wavelength cannot be removed, a part of power of the signal light of the 
wavelength which adjoins input-signal light is inputted into an optical receiver (7-1, 7-2, 7-3, — ), 
and it causes crosstalk between signals in input-signal light and coincidence. 
[0004] In order to prevent crosstalk between such signals, generally, with the wavelength 
multiplex transmission system, wavelength spacing between the signal light which each optical 
transmitter outputs was fully extended, and although the effect of crosstalk can be disregarded 
in case signal light is received, sufficient oppression ratio has been obtained in the optical 
spectral separation means. About such technique, about the case where the filter of a Fabry 
Perot resonator mold is used for an optical spectral separation means, for example IEEE besides 
an alder bullet, the 8th volume of journal-on SEREKUTEDDO Air RIASU Inn Communications, No. 
6, the 1095 - 1 107th page, 1990 () [ PAHumblet ] It argues in detail et al., IEEE Journal on 
Selected Areas in Commuincations, Vol.8, No.6, pp.1095-1 107, and 1990. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Since it becomes possible to narrow wavelength spacing, with crosstalk 
controlled according to this invention as explained above, it is effective, also when carrying out 
multiplex [ of the signal ] to high density and carrying out light wave length multiplex 
transmission effectively [ when carrying out light wave length multiplex transmission ] using the 
narrow transmission line of a transmission band. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, when it was not able to narrow, but 
multiplex [ of the signal light ] was carried out to high density and transmission capacity was 
large-capacity-ized rather than the minimum permission wavelength spacing required to obtain 
oppression ratio sufficient by the above-mentioned conventional approach to disregard the 
effect of crosstalk in case signal light is received for wavelength spacing between signal light in 
said optical spectral separation means, there was a fault acting as a failure. 
[0006] The purpose of this invention is to offer the light wave length multiplex transmission 
system which said trouble is solved, and the effect of the crosstalk in a receiver is controlled, 
and can make wavelength spacing small. 
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MEANS 



[Means for Solving the Problem] Drawing 1 is the basic block diagram of invention of the 1 st of 
this application. The configuration which invention of the 1st of this application offers in order to 
attain the above-mentioned purpose At least two or more optical transmitters which transmit a 
signal using the subcarrier from which wavelength (lambda 1, Iambda2, Iambda3 f — ) differs 
mutually (1-1, 1-2, 1-3, — ), At least two or more polarization control means which control and 
output the polarization direction of each output light of the optical transmitter (2-1 , 2-2, 2-3, — 
), The optical transmission line which transmits the output light of an optical multiplexing means 
(3) to multiplex the output light of the polarization control means, and its optical multiplexing 
means (4), An optical spectral separation means to separate spectrally the lightwave signal 
transmitted by the transmission line in a wavelength field (5), At least one or more polarization 
separation means to output only the polarization component of the one direction of the spectral 
separation output light of the optical spectral separation means (6-1, 6-2, 6-3, — ), In the light 
wave length multiplex transmission system equipped with the optical receiver (7-1, 7-2, 7-3, — ) 
which receives the output light of the polarization separation means In said optical transmitter, 
at least wavelength spacing (deltalambdai+1 and i=lambda i+1-lambdai) between the output light 
(lambdai, lambdai+1) of two optical transmitters of a lot It sets up smaller than the minimum 
permission wavelength spacing (deltalambdaO) required to obtain an oppression ratio required to 
disregard the effect of crosstalk in case a lightwave signal is received in said optical spectral 
separation means (deltalambdai+1, Kdelta lambda 0). And it is characterized by carrying out the 
abbreviation rectangular cross of the polarization direction of the output light (lambdai, 
lambdai+1) of two optical transmitters of those groups by said polarization control means (2-i 
and 2-0+1 )). 

[0008] Moreover, drawing 3 is the basic block diagram of invention of the 2nd of this application. 
The configuration which invention of the 2nd of this application offers in order to attain the 
above-mentioned purpose is characterized by to have the negative feedback means (8-1, 8-2, 
8-3, — ) which controls the polarization separation means to make power of the output light of 
said polarization separation means (6-1, 6-2, 6-3, — ) into max in addition to the configuration 
which invention of the 1st of said this application offers. 
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OPERATION 



[Function] Drawing 2 is the principle Fig. of invention of the 1st of this application. According to 
invention of the 1st of this application, to the minimum permission wavelength spacing 
(deltalambdaO) which an optical spectral separation means (5) defines, two signal light (lambdai, 
lambdai+1) set up at intervals of small wavelength (deltalambdai+1, i) is transmitted, after 
polarization control is carried out so that the polarization direction may carry out an abbreviation 
rectangular cross by the polarization control means (2-i and 2- (i+1 )). The case where an optical 
receiver (7H) receives one signal light (lambdai) among these two signal light (lambdai, lambdai+1) 
is considered here, for example. Since wavelength spacing (deltalambdai+1 , i) of two signal light is 
smaller than the minimum permission wavelength spacing (deltalambdaO) of an optical spectral 
separation means (5), a part of another signal light (lambdai+1) is inputted into a polarization 
separation means (6-i) from an optical spectral separation means (5) with the signal light 
(lambdai) of the direction which receives. However, since the polarization direction of these two 
signal light (lambdai, lambdai+1) is in abbreviation orthogonality relation, another signal light 
(lambdai+1) is removed by separating and taking out only the light of a component parallel to the 
signal light (lambdai) of the direction which receives with a polarization separation means (6H). 
Therefore, only the signal light (lambdai) of the direction which receives reaches an optical 
receiver (7H), and becomes receivable without the effect of crosstalk. 

[0010] Moreover, if the case where an optical receiver (7H) receives signal light (lambdai), for 
example following on an operation of invention of the 1st of above-mentioned this application is 
considered according to invention of the 2nd of this application Since light other than signal light 
(lambdai) is decreasing the signal light inputted into a polarization separation means (6-i) with 
the optical spectral separation means (5) By controlling to make output light of a polarization 
separation means (6-i) into max, only a component with the parallel polarization direction is 
automatically divided into signal light (lambdai), and an operation of invention of the 1st of 
above-mentioned this application is brought about. 
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EXAMPLE 



[Example] The example of invention of the 1st of this application is explained using drawing 1 . 
an optical transmitter (1-1, 1-2, 1-3, — ) — for example, it is constituted by the laser diode by 
which direct modulation was carried out or a laser diode, the external modulator, etc., and the 
signal light (lambdal, Iambda2, Iambda3, — ) modulated independently, respectively is outputted. 
The subscript of the wavelength of signal light shall be assigned from a short wavelength side 
here (Iambda1<lambda2<lambda3< — ). each signal light should pass a polarization adjustment 
means (2-1, 2-2, 2-3, — ) — it is multiplexed with an optical multiplexing means (3), and a light 
wave length multiple signal is formed. A polarization adjustment means (2-1 , 2-2, 2-3, — ) 
consists of a quarter-wave length plate and 1/2 wavelength plate. Have the work which changes 
the light of the polarization of arbitration into the linearly polarized wave of the direction of 
arbitration, and the polarization direction of the wavelength group (lambda 1 , Iambda3 — ) of an 
odd number is [ a subscript ] parallel. It is adjusted so that the polarization direction of the 
wavelength group (lambda 2, Iambda4 — ) of an even number may become parallel, and it is 
adjusted so that the polarization direction may intersect perpendicularly by those wavelength 
between groups. Moreover, an optical multiplexing means is constituted by polarization 
composition machines, such as a polarization beam splitter, a wavelength multiplexing coupler, or 
the star coupler. A light wave length multiple signal inputs an optical transmission line (4) (for 
example, optical fiber) into an optical spectral separation means (5) after transmission. An optical 
spectral separation means (5) is constituted by for example, a wavelength multiplexing coupler, a 
diffraction grating, or prism, for every wavelength, divides the inputted light wave length multiple 
signal separately, and outputs it. (A crosstalk component is explained later.) 
Or a configuration as shows an optical spectral separation means (5) to drawing 4 is also 
considered. The signal light (lambdal, Iambda2, Iambda3, — ) transmitted in drawing 4 is 
distributed to an optical filter (12-1, 12-2, 12-3, — ) by the star coupler (11). An optical filter 
(12-1, 12-2, 12-3, — ) is an optical band pass filter of a dielectric multilayers mold or Fabry- 
Perot, and has a wavelength selection-transparency property centering on a certain main 
wavelength. Or it is also possible to substitute the component which has a steep gain property 
near a certain specific wavelength. For example, as for the signal light (lambdal, Iambda2, 
Iambda3, — ) inputted into the optical filter (12-1), only signal light (lambda 1) is outputted. (A 
crosstalk component is explained later.) 

Or a configuration as shows a spectral separation means (5) to drawin g 5 is also considered. The 
signal light (lambdal, Iambda2, Iambda3, — ) transmitted in drawin g 5 is distributed to a main 
wavelength adjustable optical filter (13-1, 13-2, 13-3, — ) by the star coupler (11). For example, 
when the signal light (lambdal, Iambda2, Iambda3, — ) inputted into the main wavelength 
adjustable optical filter (13-1) carries out adjustable [ of the main wavelength ], only the signal 
light of arbitration is outputted. (A crosstalk component is explained later.) 

The signal light (lambdal, Iambda2, Iambda3, — ) separately outputted for every wavelength from 
this optical spectral separation means (5) is inputted into a polarization separation means (6-1, 
6-2, 6-3, — ), respectively. Each polarization separation means consists of for example, a 
quarter-wave length plate, 1/2 wavelength plate, and a polarization beam splitter, and has the 
work which makes only one polarization component of the arbitration of the cross polarization 
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light of arbitration penetrate. The output light of each polarization separation means is inputted 
into an optical receiver (7-1, 7-2, 7-3, — ) (for example, photodiode), and is received. 
[0012] The signal light to overhear was not taken into consideration in the explanation so far. In 
consideration of the crosstalk at the time of spectral separation, it explains from this. When an 
optical spectral separation means (5) performs spectral separation, the magnitude of attenuation 
in the relative wavelength (deltalambdaO) from the main wavelength of the light separated 
spectrally is set to FdB. If the oppression ratio of the crosstalk permitted on the occasion of 
reception is set to FdB, the minimum permission wavelength spacing in this optical spectral 
separation means (5) will be set to (deltalambdaO). Moreover, fdB, then 0<f<F are filled in the 
magnitude of attenuation in relative wavelength spacing (deltalambda0/2). Furthermore, since the 
magnitude of attenuation of a polarization separation means generally fulfills the conditions of a 
permission crosstalk oppression ratio when the magnitude of attenuation in case each 
polarization separation means (6-1, 6-2, 6-3, — ) separates one polarization component of direct 
polarization light is set to PdB, it becomes F<P. 

[0013] Here, it transmits by setting signal light (lambdal, Iambda2, Iambda3, — ) as wavelength 
spacing, such as (deltalambdaO / 2). For example, in case an optical receiver (7-3) receives 
signal light (lambda 3), a polarization separation means (6-3) is set up so that only a component 
parallel to (lambda 3) may be taken out. this time — signal light (lambdal, Iambda2, Iambda4, and 
lambdaS) — signal light (lambda 3) — receiving — respectively (deltalambdaO) — 
(deltalambdaO / 2) — since it has wavelength spacing, and (deltalambdaO/2) (deltalambdaO) 
inputs into a polarization separation means (6-3), after decreasing only FdBfdB, and fdB and FdB 
with an optical spectral separation means (5), respectively, further — the polarization direction 
of signal light (lambdal, Iambda2, Iambda4, and lambdaS) — the polarization direction of signal 
light (lambda 3) — receiving — respectively — parallel and a perpendicular — since it is 
perpendicular and parallel, only OdB, PdB, PdB, and OdB are decreased with a polarization 
separation means (6-3), respectively. Therefore, in the input of an optical receiver (7-3), signal 
light (lambda 3) obtains the oppression ratio of FdB, RPdB, f+PdB, and FdB to signal light 
(lambdal, Iambda2, Iambda4, and Iambda5), respectively. Moreover, since the amount of 
oppression of the other signal light is more than FdB at least, it satisfies more than the amount 
FdB of crosstalk oppression permitted, and serves as ability ready for receiving in signal light 
(lambda 3). 

[0014] The wavelength arrangement in the above-mentioned example is set up in the following 
procedures. In the minimum case, since the amount [ in / in a subscript / the between groups 
one of odd wavelength groups (lambda 1 , Iambda3 — ) or even wavelength groups (lambda 2, 
Iambda4 — ) ] of crosstalk is determined by the oppression ratio of an optical spectral separation 
means, the between-groups wavelength spacing becomes equal to the minimum permission 
wavelength spacing (deltalambdaO) of an optical spectral separation means, wavelength spacing 
(deltalambda) of the signal which adjoins on the other hand since the amount of crosstalk of a 
signal light (for example, Iambda2 and Iambda3) different between groups is determined by the 
oppression ratio in a polarization separation means — 0 — < (deltalambda) — < (deltalambdaO) - 
- it can set up freely in between. However, it is more desirable to obtain a certain amount of 
oppression with the optical spectral separation means, if control of a polarization separation 
means is taken into consideration (the direction which enlarges the optical power difference of 
the signal to receive and the signal which is not received), it is based also on the point and 
practical — etc. — considering the case of wavelength spacing, each wavelength spacing 
(deltalambda) of an adjoining signal light will be set as (deltalambdaO / 2) of the one half of 
between-groups wavelength spacing (deltalambdaO) so that wavelength spacing of a comrade 
between groups may be first set as (deltalambdaO) and then it may be arranged at intervals of 
wavelength [ light / all / signal ] in the minimum case. 

[0015] Since wavelength spacing is required also of min to perform same transmission by the 
conventional wavelength multiplex transmission system (deltalambdaO), wavelength spacing is 
reduced by half by this invention. 

[0016] Moreover, in implementation of invention of the 1st of this application, there is no need 
that an optical transmitter (1-1, 1-2, 1-3, — ) and an optical receiver (7-1, 7-2, 7-3, — ) are the 
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same numbers, and the example from which those numbers differ is also considered. The 
extreme example is the case where the number of receivers as shown in drawing 6 is one. In this 
example, spectral separation is performed with a wavelength adjustable optical filter (13-1), and 
it becomes ability ready for receiving about the signal light of arbitration with one receiver (7-1) 
among all signal light (lambda! , Iambda2, Iambda3, — ). One application of this example is shown 
in drawing 7 . This application prepares n the sending stations (51) and receiving stations (52) in 
drawing 6 , and connects them by the nxn star coupler (53). 

[0017] Moreover, one example of invention of the 2nd of this application is explained using 
drawing 3 . Among drawing, the thing of the same reference number as the 1 st example 
expresses the same component, and has the same property. Moreover, drawing 8 is the 
configuration of the control circuit of the polarization separation means (6-3) in this example. 
Since the basic configuration of each polarization separation means (6-1, 6-2, 6-3, — ) is the 
same, the following explains in the control circuit of a polarization separation means (6-3). A 
polarization separation means (6-3) is classified into the polarization control section (9-3) which 
consists of for example, a quarter-wave length plate and 1/2 wavelength plate, and the 
polarization separation section (10-3) which consists of for example, polarization beam splitters, 
is the whole and serves to make only one polarization component of the arbitration of the cross 
polarization light of arbitration penetrate. A negative feedback means (8-3) inputs the 
information about the power of the output light from a polarization separation means (6-3) from 
an optical receiver (7-3) in the form of an average current and electrical signals, such as 
instantaneous-carrying-current amplitude value, the polarization direction is rotated by the 
polarization control section (9-3) based on the electrical signal, and a negative feedback control 
is performed so that the power of the output light from the polarization separation section (10-3) 
may serve as maximum. 

[001 8] The case where an optical receiver (7-3) receives signal light (lambda 3) like one example 
of invention of the 1 st of above-mentioned this application is considered here. As for signal light 
(lambdal, Iambda2, Iambda4, and Iambda5) other than signal light (lambda 3), the light inputted 
into a polarization separation means (6-3) is decreasing only FdB, fdB, and fdB and FdB with the 
optical spectral separation means (5), respectively, this time — the polarization direction of 
signal light (lambdal, Iambda2, Iambda4, and Iambda5) — the polarization direction of signal light 
(lambda 3) — receiving — respectively — parallel and a perpendicular — since it is 
perpendicular and parallel, in the polarization direction where the input light of a polarization 
separation means (6-3) is parallel to signal light (lambda 3), optical power serves as max. Since a 
negative feedback means (8-3) controls the polarization separation section (9-3) to make 
average power of the output light of a polarization separation means (6-3) into max, only a 
component with the parallel polarization direction is automatically outputted to signal light 
(lambda 3) from the polarization separation section (10-3). At this time, only OdB, PdB, PdB, and 
OdB (lambdal, Iambda2, Iambda4, and Iambda5) of signal light are decreased by the polarization 
separation section (10-3), respectively. Therefore, in the input of an optical receiver (7-3), signal 
light (lambda 3) obtains the oppression ratio of FdB, f^PdB, f+PdB, and FdB to signal light 
(lambdal, Iambda2, Iambda4, and Iambda5), respectively. Moreover, since the amount of 
oppression of the other signal light is more than FdB at least, it satisfies the amount FdB of 
crosstalk oppression permitted, and serves as ability ready for receiving in signal light (lambda 3). 

[0019] Various deformation gestalten of a series of examples described above in operation of 
this invention are possible. For example, although the rotation phase plate was used as a means 
to control polarization, in a series of above-mentioned examples, the same effectiveness is 
acquired also with a rotation mold fiber coil or a rotation mold fiber crank, and the polarization 
control by Faraday rotator, a pressurization fiber, an electro-optics crystal, etc. may be used. 
Moreover, as a polarization composition machine or a polarization eliminator, the polarization 
eliminator by the prism using a birefringence and the polarization eliminator which fused the 
polarization maintenance fiber may be used also except a polarization beam splitter. Moreover, 
the optical direct junction transmission line which consists of an optical fiber and an optical 
amplifier as an optical transmission line may be used, and the wavelength dependency of the gain 
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of an optical amplifier is large, and it is effective especially when the transmission band of a 
transmission line is restricted. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The basic configuration of the 1st of invention of this application, and the 
configuration of one example. 

[Drawing 2] The spectrum in which the principle of invention of the 1st of this application is 
shown. 

[Drawing 3] The basic configuration of the 2nd of invention of this application, and the 
configuration of one example. 

[Drawing 4] Another example 1 of a configuration of the optical spectral separation means in 
drawing 1 . 

[Drawing 5] Another example 2 of a configuration of the optical spectral separation means in 
drawing 1 . 

[Drawing 6] The configuration of the 1 st of another example of invention of this application. 
[Drawing 7] The application of another example of invention of the 1st of this application. 
[Drawing 8] The configuration of the control circuit of the polarization separation means in 
drawing 3 . 

[Drawing 9] The conventional example of a light wave length multiplex transmission system. 
[Description of Notations] 

1- 1, 1-2, 1-3 — : Optical transmitter 

2- 1, 2-2, 2-3 — : Polarization control means 

3 : Optical Multiplexing Means 

4 : Optical Transmission Line 

5 : Optical Spectral Separation Means in Wavelength Field 

6- 1, 6-2, 6-3 — : Polarization separation means 

7- 1, 7-2, 7-3 — : Optical receiver 

8- 1, 8-2, 8-3 — : Negative feedback means 

9- 1, 9-2, 9-3 — : Polarization control section 

10- 1, 10-2, 10-3 — : Polarization separation section 
1 1 : Star Coupler 

12- 1,1 2-2, 1 2-3 — : Optical filter 

13- 1, 13-2, 13-3 — : Main wavelength adjustable optical filter 

51 : Sending Station 

52 : Receiving Station 

53 : Nxn Star Coupler 

lambdal, Iambda2, Iambda3 — : Wavelength of signal light (Iambda1<lambda2<lambda3< — ) 
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[®Ji£_L©fUJ§#iJ] *l6W»ffi»CD*S©*ll^*^ 
CO 00 2 ] 

jen^feissca&s^-^cAx.A, ,a, ,-)tt**^ 

»Eft»K»jRS*ir*«»»(7-l,7-2 ,7-3, ••)«: A2> 3 

[0003] c©«fc^ «c*aai*aeas36rsc-cB. * s 

4 p®r s ifcB©fi-*f #© j&gfSRitf/h § £ * $ jg^tc 
tciwer s m&om nytco v - ©-gp *> jt&mm u- 

1,7-2, 7-3, "OCcA^jL. fi-sf RS©i!iS£3 ItiSct. 
[0 004] c ^ bfc(l#ra©«K£i» — 

H©igftraps*+^{c«;ifT, mmtz&mrzmicM 
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M*a«:7r ^'J = ^a&tiSS§J©:7 ^ 

• Vv—j-fo ■ • is Is K • XT l>7* • > 
•35 a -ir^'> 3 >X|[8S, Ifie-ff, »1095- 
1 1 0 7H, 1 990f (P. A. Humblet et al., IEEE 
Journal on Selected Areas in Gommuincatlons, Vol. 
8, No. 6, pp. 1095-1107, 1990) tCTff h < W^S tl 

■o,»<s. 

10 [0005] 

[0006] *9tm<omtfjt*, memm*miku ^ 

•5C4{c*>§. 
[0007 ] 

[ss*»Ki-4fca)(D#t] ^ i «*is©0 1 ©^h^ 

©S*^fi£a-C*-5„ ±faeW«r^-r-5.7tJt)«:^B© 
i — -P«±©^ftSCl-l.l-2 ,1-3 ,•••)<!: , -e©>&& 

<is©sm*3fe©{B3fe^n6i*$iifflib-cw^-r5^>j&< <t 
fen-3t(_h(D<@5feM®^ c2-i, 2-2 , 2-3 , - ) 4 , z<om 

30 *©ISl^S©a***^ft-r-53l6^iR#l8C3)4. ^-© 

S3fe^jg^©C5)4. ^©*^^S©^&ai^;3fe©— 
^I©iS5fe^©**W^TS^>*< 4*— o«±©ii 
ft#St#© (6-1,6-2, 6-3, -)4. *©«*#li*R©ia 
***««-r**5Wt»(7-l 1 7-2 f 7-3,-)4*«il*fc* 

jgfi^aeiM^tcfc^r. wria3feaifta«t>©^><c< 4 
fc-ifi©- o©*simg© tujjit ( a , , a , » , )H©jgs 

nn(AA,.i., = A,. 1 -A,)&. 
40 {c»s©SJ»*«fm-r4©«Cfi»«:«ijE]t*^ia^jg 

A.)J:9t>/Jv3<R£LCAA,. 1 . l <AA,) > «>o, ^g- 

^■[fi]*fftaii**ijai^g:(2-i ,2-Ci+l) ){C J: oTBgBX 
3-ttSC4=&«fS!i[4-r-5o 

[0008] * jit. S3 «*M©»2 ©^B^©«*« fiS 

±ta©gw ; &»fiR-r€./c«)ic*Ba©st2©^ 
mi&icmz., Mmm&5M#iRc6-i.»,6-3 > -) 

so ©W*3t©^ , '7-«r«^:4-r4J:^{C-€-©ii3fe»i»^K 



3 

[0009] 

©S&l©l6WC«fc*ltf t *^^IS(5)*^J6^g/jNfF 
SSfcBlfflPg (A A , )tt*t 1/ . /h3 (-^gfflRiCA A , . , ) 

■vmmz titc~ -oommta* , a «36«w* 

f3(2-i , 2-(i+i) )tc ck 0 «)fcfr|6j*i|&ifi£-f & J: 5 K:(B 
©ft-*i#(A, .A,,,)©?^, -#©ff##(A,)*#S 

©bbka a, . , )tt^«^is(5)©s/M^#»gmBi 

(AA„)J:0*>/Ml,>©-C, ^M-rS*©^-^3t(A,)<!: 
ftCCfe^-^r<Dfg^CA wl )<D-g|53W. 7fc#?fcfS(5) 

*?»<l*^gt#K(6-i)K:A^S*x-5. c©~ 
o©M#* C A , ,A, fl )©«3fcfrr6JttBSi££&Hi&(C * S 
©^ <I:M&#i§t#®(6-i)K£9gmT£:#©m-^3fc(A 

, W¥ifKi&ftom<D&%ftmox:mK>m-?c tic* 

*Bi£©fgSft L (cS«^tgt ft -So 
[00 10] #!SI©l!l2©ffcHJi(Cj:fttf. 0ML« 

±m<D*m<Dm i ©#sw©{^/B{c3is*ig&£fi-sf#( a , ) 

*S(&-i){cA^J-r^m^W5l6^#©(5)Cc J: *) m# 
3feCA,)«i1-©^*M«Stl-tl^©-C. ffi3fc5HB#8 
C6-i)cotb^7i£^^:K:-r S <fc 5 ecmiliai^rtT 5 c <t set 
•3. SttW«:<t^7l£CA,)«cm^j^W%^CD* 

[00 1 1 ] 

[**s^i *m<om i ©^©njsw*^ i £m>-cia 

WtZ>. 3l£j3lftS(i-i,i-2.i-3, -)«F!lA«i^^l3 

e-^feCA^A, ,A, ,-)*!»«>"*-*. CC-cm#3fe©jg 
&<DW&VmWgM& DSUD^r iCA, < A 2 < A , < 
"0*©4t*. 0BI»MS*«C2-X t 2-2.2- 

nz&i&Tz. <a*SB»^ec2-i,2-2,2-3," )ttV4js 
*«<ti/2jgs«*>e»^$n. <i«©(i^©**ff^ 
©^ifi]©it^<ijg{c^«i^ w&whr* 

i&Sf* (A, , A )©IBISlSl!Wf t ft 5 <fc 5 k sHH 
-e-*a6©»SSfKT<S^i6]7!»iii^-rs<J: 
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4 

igg^s*^. fe&t>ttHtrtt?. *-5>i>«7' , ;xa 

ifcSW*, ##$#«(5)ttEl4K^TJ;5ft#)$fc^ 
04KT£j£3nfc{i-EBfcCA 1 ,A I ,A,,-») 
l*X5»-*7"7Cii)«:j:0*7 ^ (12-1,12-2,12-3, 

"•)CC#BB3*l5. %7 -f (12-1, 12-2, 12-3, -)«St 

io -?-t>\> &z>tp&m&*cp<btvtci&&miR&) 
.^ft«f#«ftt*^o^-cRffl-rs c <b fe pftg-c* 

-y (12-l)«CA^L?C«-^fe(A 1 , 
A 2 , A 3 .•••)»<t^(A 1 )©** 1 W^S<lS„ (MSA 

^jfi*S(5)»ia5K:>n-rJ:5ft^4>#jt 
6#l5. 05CC-C<Sil3n7i:«^(A 1 .A 1 .A, ,-)« 
xZ-tizfv (ii)Cc J: 9 *^S»M©)!&7 v ;U * (13- 

l,13-2 l 13-3,»")<C£B3tl£. W*««f'£^jfiSPl^© 
20 ft? •f^*(13-l)«:A*l/7c^^(A t ,A 1 ,A 3 , ••)» 

tf-c^g* uj^-r « c i k j: *) mm<Dmmt<Dfr&mt> 

*(A, ,A, ,A, , • )«^n^n<@^«#© (6-1,6-2, 6 
-3,-)«:A;*rr£. ■&M«^SI^©«m«V4iSS« 

ii/2j^s®i. Me-Ax^j .y$i*>e.«RK5 
^©e^^^offijt©— 7?©d3fe^^©**s 

11(7-1,7-2,7-3,-) * h K) {CA 

30 ^jsti^Msns. 

[0012] cc&x-<Dmw~eim&-rzm*&t*:&m. 

3fe^#®(5)*J^*iitf-rs^ ^§ 

*i^©4 1 'C^g7!r'e>©tB^g(A A ,)K:*sW*j^ 

sfcFdBi-r*. s««cBRL-r^$nsiis©«iffiit 
* f dBi -r s i . c <D^m^wt (5)«: *jw sg/jNff^ 

iSSMPS«(AA.)ift6„ *B*f^«Hfg(AA, 

/2 )cc*j^s««a* f dBi-rtitso < f <¥t>mtc 

StlZ. ?6K, S«^RI^S(6-l,6-2,6-3,-)*5B 

40 tf«jfi^©— *©«7fe^*^iii-r*Bi5F©«^a*PdB 
^©^^iSfc-ro-c^ F<Pift^ 0 

[0013] CCT, flf<WtCAi .A, ,A 3 ,-)4(AA, 
/2)©^i&gffll^Ct95£GT£jl£?f ^. Millft^ 
*(A ,)**SfiSC7-3)-C«« f SBSHCtt, 
S(6-3)4 (A , )K?ffW©*4| 0 ffi-T J: 5 icsStM 
ti>. C©B#> ^^(A, ,A, ,A 4 R<>'A s )ttffi-Sf3fc 

( a 3 ){c*f u r -eti^n(A a , ) , (A a . / 2 ) , (A a , / 

2)SO , (AA 0 )©&fiHI|lil^»O©-C, *^^©(5) 
50 {CioT-en-etlFdB.f dB, f dBSi^FdB^W^S 



(4) 

5 

#ft(c*tl,TeftetiW. Sit. Sit. SWfft* 
£©T> «:5^l?t3M?(6-3)tt<£9enen0dB, PdB, 
PdBR^OdB/cl-t^-TS,, ioT. *S^«(7-3)© 

A S )(C*M/"C -en-en FdB, f+PdB, f+PdBRO'FdB 
©«IJEEit*f#S. *fc. *tlfcJfl-©<l#3fe©ffllJE:fitt4> 
&<£*>FdlJJiU:-C#>&©-C l it^Sft&ifiiffliffiSF 
dB«±4^Sb-cm#3fe(A 3 )4S«nI^i«:5„ 10 
[0014] iiaSWSMKfcWS^SiSgJiWTO^ii 
XWtMZtlX^Z. tS^«HR©»*W<A,, A .•••), 
**c>ttMR©»SttcA. .A.-owiaj^fcfcw&ig 

jggR8Bi(AA < ,)(c3gl,<&.2>. — ^. #t#ffl©fI-Sf# 

c^^.«a ,4a, wmmmmitfM^mK.*suz>mm 
ttrci&esnsc-e. n$J8-r*fs#©vfcgmR§(AA) 
»o<(aa> <cAA„)©fgra&(cs95£aiDjtrc<& 
-5. fcyeu. is^nt^ooPSP^srr-si. ft#ifg 20 

srapg*(AA„)tcg;SL. ^fc^m-^^^gsraiig 
•ciegsnsj^cc. pgTsm^3fe©«jffisraiiicA 

A ) CA A . )©¥#© (A A ./ 2 ){Cg: 

C0015] m®&&M*W£<D&g.2rWL&misX7~J* 

-cmy-rzm&K.imwfflmim^-e t> ca a . )&src 30 
[0016]$^ *^©^i©i%w©iuscc*i(,ir« 

3fc^g(l-l,l-2,l-3/")<i::M££f3&(7-l,7-2,7-3,---) 

& 1 £T?&£„ C©^Wc4»l,>T«#i££jfcS 
nj*©3fc:7 ;i/ * (13-30 (cj: 0 *ff 0 . 1 -3©£dg§(7 
-tt"C*flM# C A , , A , , A , ,-)©9 *>ffS:©ft-*l*£ 

COJJfflMti, S6da©j|Ht^(51)i^fi^(52)€n^ 40 
Witt, nXnXZ~t}-7z>(.53)Vffl8iLtc$><D-C&&. 

[0017] ttc, *m<Dm2<Dmi(D-mmMzm3 
zm^-xwrr*. m*p. ml<ommm^mmmm^ 
©fc©«:Ht;#idaBR**u mc^mm-o. &tc> 

m 8 K*XJl0Ke*s w c<s-3)©M.*llfg 

©flWfC**. &ffi##Bt#© (6-1,6-2 , 6-3 ,- )©S* 

3), sumx-tcrnEe-Ax:?!) 5»**>6*^ns<a 50 
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7-tcH8-r*ft«**3«i«(7-3)*>e.¥^«iife^. IS 

mmmmmm<onfs.im<omx a# l . e ©nswi# 

«7fc#8tS]5 (10-3)2» £ ©fti^©./ t -7 - J&Sft^Cffl i ft S 

[0018] c c-e±m<D*m<Dm 1 ©^w©-sust« 

iBMiKflreifcCA.) ***<tS(7-3)-C^«^2.«^ 

m^fit^m(6-3){cA^rs*«^^ 

©(5)(cr##7i£(A 3 ) «rt©flMW&CA 1 ,A 1 ,A 4 ttV 

A. oijen^nFdB, fdB, f dmvFaBttzim&stx 

r^S. C©B^ la^(A a ,A, . A, Rtf A ,)©<!#:£ 

(S)«<t#*(A J )©{i*^K:*tL/r^nen¥ff> s 
a:. m&> sofwc*>i©-c, m»tt^e(6-3)© 
A^*«ft-f3fe(A , )icmfi*m*Bmv:*i*x&-<v 

©a**©¥*&><«7 -«fc*4TS J: 9 Cc«fc#«gB(9 
-3)©©JfflI*tf^©-C. B«iW(C<I##CAOK<B3fcfrlS. 
*«ptf «c fiS»©**JiB^l«SP (10-3)* h $ ti S . 

3){cj:«3en-enodB, PdB. PdB&tfOdB/tWgaR;* 

B. f+PdB, f +PdB££>'FdB©|qiffJt*#S. 
en«i1-©lW#*©«lffiBttii>% < £ 6 F dBkLL-C** 

©■c, m®ztizffi&tmmv <afkm&i>xfe*&t 
[0019] ^Anoxtfetc^ora. ±^Dfc— m 

-iSCSIiSCT-Cti. (B3fe*iWSiJ^--5#S<!:U-C|13e{4ta 
W«7r-f^ «SOfc*fe®^{CJ:6(i3tftlIfflI* 

[0 02 0] 

[»»©***] feUi«:|ttWLteJ:^K*l6W«:j:titf. 
[002 1] 
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can *mom i omxmimm, &v-mnmo 

[04 ] 0 1 tHDftft&t&mvMvmmn i . 
[05 ] 0 1 $><D%ftwt^WL<DM<Dmmm2. 
[0 e ] *mom i <o$m<Dm<om&m<Dmm. 

[07] l <D^©aijor)Si*fi«a|©i£;ffl^„ io 

[08 ] 0 3 *<mit5m&m<D i !mmm<j>mi8.. 

[09] €£*<D*<gg^S<Eai*^. 

1- 1,1-2, 1-3. •• : 3£i£fl& 

2- 1,2-2,2-3,- : «3fcf|HI8P^Jf8 

3 : * 



4 : ;fc£&8g 

5 : 80MtttC*Stt*%#tt?R 

6- 1,6-2,6-3, • 

7- 1,7-2,7-3,- 

8- 1,8-2,8-3," 

9- 1,9-2 ,9-3, - 

10- 1,10-2,10-3,- 
11 : XZ—tf?^ 

12- 1,12-2,12-3,— 

13- 1,13-2,13-3,- 

51 : mmm 

52 : §<t» 

53 : nxn^ii-*^ 

A,, A,, A 3 - : m-^Oj&g 
•) 



<A,<A,< A,< 
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